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Anxuolytlcs Classes of Drugs

e A A —— s

Alprazolam XANAX

Chiordiazepoxide LIBRIUM
Clonazepam KLONOPIN
Clorazepate TRANXENE
Diazepam vaLIum, DEASTAT
Estazolam

Flurazepam DALMANE
Lorazepam ATIVAN
Midazolam vER3ED
Oxazepam

Quazepam TORAL
Temazepam RESTORIL
Triazolam ¥ A1LCI0M

Flumazenii votnszic o
LOLP!?’HBT
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Classification According to Mechanismn of Action

}

&

I. Drugs Facilitating GABA Action

Barbiturates
Benzodiazepines (BZDs)
Zolpidem.

Zaleplon

I1. 5-HT;4 partial
agomnist

* Buspirone

Copyright © 2018 Wolters Kluwer « All Rights Reserved
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'he GABAergic Synapse

fareg Saleh O

Copyright © 2018 Wolters Kluwer .

. Glutamine €—
Glutamipase

. Glutamate

. BADGSA?

. GABA
. oA

GAT _— .
L]

GABAergic neuron
-presynaptic terminal

s
g T

- Glutamate

\LGABA.\R %
i GaBaT A~
C’ . / \‘.
e ‘V.._/' 7.1
Astrocyte’,

Govindpani et al, 2017

Postsynaptic
neuron
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GABA Receptors

« Receptors for the inhibitory

neurotransmitter y-aminobutyric acid

(GABA).
« Two main receptors types:

OGABA, receptors: ligand-gated ion
channels (ionotropic)

OGABA; receptors: G-protein-coupled
receptors (metabotropic)

Tzreq Saieh ©

intraceliular
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, \
GABA, Receptor %= L

* pentamer formed of 3 different types of
subunits (two a, two B and one vy)
surrounding a Cl-ion channel.

* The GABA binding site is at the interface
between a and B subunits.

* Binding of 2 GABA molecules triggers the
opening Of the central ion channel allowing
for chloride influx.

* The influx of chloride =2 hyperpolarization i
- decreases action potentials cr

(neurotransmission). - - Qestsyaaplic il

‘h)\.,/ ./\,\_ o v\-/C‘
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Benzodiazepines
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Benzodiazepines

o

Mechanism of action:
* Benzodiazepines are allosteric modulators of GABA, receptors.

* They bind to distinct, high-affinity site from the GABA-binding site
located at the interface between the o and y subunits.

* These binding sites are labeled as benzodiazepine (BZ) receptors.

* CNS BZ receptors:
DBZ@ncludes@subunits (mediate sedation, hypnosis, amnesia and

antiepileptic effects)
LBZ, includes a, subunits (anxiolytic and muscle relaxant effects)

EN \asn
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Benzodiazepines .-, = Ay Friv

Mechanism of action:

- Binding of benzodiazepines to the BZ receptors on the GABA,
receptor complex = increases affinity of GABA to bind to its
receptors. This increases the frequency of opening of ClI- channel &
facilitating the inhibitory effects of GABA.

Copyright © 2018 Wolters Kluwer « All Rights Reserved @ Wolters Kl

CamScanner = Ligs d>guwadll



Recep'tof émpty ra . s
(no agonists)

T g Empty receptor is inactive,

'{:' RIS and the coupled chloride
’g g!":’ !A “; {1

channel isclosed.

binding GABA

/ . ""@?X:’Q Binding of GABA causes
Jaiee the chloride ion channel
1 to open, leading to hyper.
polarization of the cell.

y Receptor . e
® binding GABA
and benzodiazepine

Y+
!'éigiitr:i:éﬁ
g’! .1 ‘1.5{.'

Binding of GABA is
enhanced by benzo-
diazepine, resulting in a
greater entry of chloride
ion.

'J»!.\U‘J '\0

i]gll‘l‘]n[}g ?::

Fntry of CI” hyperpolarizes the cell, making
t more difficult to depolarize, and therefore

reduces neural excitability.
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h Benzodiazepines
Actions:
. Reduction of anxiety: through a, subunit containing GABA,
receptors.

_/-/ Sedative/hypnotic: through a, subunit containing GABAA receptors.

(o5 & cecenk (e / Anterograde amnesia: through o, subunit containing GABA,
neny receptors.
/Anticonvulsant: through o, subunit containing GABA, receptors.(aﬂ\)(‘ufwu""/

\/" Muscle relaxant: through a, subunit containing GABA, receptors.

o

CF\. ‘yh/(
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enzodigzepines: Duration of Action

.

e
| Intermediate-acting

— Short-acting

|
TN, g‘h‘::)“rf{?::;;oxidp ‘ l' Al;;n.'olam \ i’ —_—
oy | THmEme == =
Kg) > _ Quazepam | — | S
gz). Duration of action
\/‘( ) - determine therapeutic uses (half-life is very important)

- with some benzodiazepines, the clinical duration of action does NOT
correlate with the actual half-life

Yareg Saleh © Copyright © 2018 Wolters Kluwer « All Rights Reserved
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Therapeutic uses:

'-J‘L»w\ « Anxiety disorders: W?“Zef’”% + WJM}/T !)) ) CTT]

L\.

rhw\ berit depamc disorder, GAD, OCD, social anxiety disorder, phobias.
Anxiety related to depression or schizophrenia.

- ONLY for severe anxiety (NOT for the stress of everyday life).
. Lgagsiﬁsilagfd-';%s are preferred: lora-; clona-; and diazepam.
&* Tolerance: anxiolytic effects < sedative/hypnotic.

"z
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Benzodiazepine
Therapeutic uses:
« Sleep disorders (insomnia) .
O Decrease latency to sleep onset AND Increase stage |l of non-rapid eye C
movement (REM) sleep. \
O commonly used drugs: |
A X 1. Temazepam: intermediate-acting — given 1-2 hours before bedtime - —3
= j‘fj" 54’63/}43‘ Best for frequent awakening. with o) s Jmphem:
2. Triazolam: short-acting — best for inability to go/stay asleep — Rebound «
insomnia 77"

/0’_'_\;’; (using long-acting like flurazepam may result in excessive daytime sedation) ,
\aos ¢ ZIAD O
'S et o :
S~ c‘{ \-Pg:z
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Therapeutic uses:

. Amnesia ( ko malce He phe [oss

Qused as an adjunct to anesthesia: 10 relieynpleasant, surgery-
induced anxiety

-%aazolan) is often used for this purpose

Ling recent memd’?) 5")

fﬁ;z’i,gg (oo Y Qo

Combinakion
6&’»%1 Ow\esur\e,sm -+ micla,zo\,u.m

Tareq Saieh) &
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Thers{pel/Jtic uses: W LoSigal  eapees
. Se/i\zuﬁés P pop 2 S T T

(4

OcClonazepam used as adjunctive therapy for certain types of seizures. /
'\/\/\/\-—/' 7,
o/JLora-; and diazepam used for, the treatment of status epilepticus

(given V) and alcohol-withdrawal associated seizures. G

¥ ’ |
g @ ' ST pd-&"w’“*S '.\'; B\cws @ Lore
"l‘“w dits N el eﬁ.&u o «,M-' “//&au(xwv (veliam)

-
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Benzodiazepines

Therapeutic uses: '&*\fﬁ
" > o AN ¥/
+ Muscular disorders [ ™s&¢ ™%

, f
Jdused for skeletal muscle spasms As? e

JZI/used for spasticity associated with multiple sclerosis and cerebral
palsy

8@1‘&64««19&_(‘_; chof#\b s(ce,leJ(J mascle re/cu)cc;/w}) éfm«—p 3S 05@,0
b amdbiple scleesis is oaclen

' ' A b8 5 } . s -. - i
DenFoc HEPV alker ot TG S e

Tareq Saleh ©
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Benzodiazepines
Pharmacokinetics
_\
¢ Absorption
highly lipophilic | \
CNS distribution? Fat? P@g/\nancy? . JW‘&&G){?, '
* Metabolism &f\v}?j&%w

O metabolized by hepatidmicrosomal system CYP4sD 7" °

- —

X O mostly the metabolites are also active s longoanching s A0

Ly . . . :
O excreted in thefirine drugs el e""‘j s
de;'y\/l len © ‘
s Copyright © 2018 Wolters Kluwer = All Rights Reserved &4 Wolters Kluwer
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Benzodiazepines

physical

_}

Dependence
» Psychological and
5 dependence can develop rapidly
“% Used for short periods of time
e — —T
« Abrupt discontinuation
WITHDRAWAL:

- confusion, anxiety, agltatlon rebotnd
insomnia, tension and selzures

- withdrawal happens more with short-
acting

\/W

I

Thedrugs that are more
potentand rapidly elimi nated |
(for example, triazolam) 7
have more frequent and

severe withdrawal problems.

|

Bl
‘(- Ti'molam %

’» VA!prazofam
i :?5Temazepamw

) Diazepam

T F!urazepam it

. Increasa in total wake

0 20 40 60 30

'~tlm¢ from baseine (©a)

| Theless potent and more
1 slowly eliminated drugs
(forexample, flurazepam)

aven after discontinuation

i " \ continue to improve skeep

”~ .m-,
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o1~

Aoe! \
Copynght © 2018 thm&»gh‘r R en};ed / !

<,.)..—.‘_'_'f___:\°‘zow/ /> 4 AN "
| :N\esg woHhe fC'v»—S S~ Eev

e ec——

=
L ar .
cﬁ}. Waitars Kluwer

g

CamScanner = Ligs d>guwadll



| Adverse effects
@° Drowsiness and sedation
» Driving
» Cognitive impairment

\.\.g o ST

be da glauuse Sevexe C

ther sedatives can |
epeessing-

Benzodiazepines are relatively

safe, because the lethal dose is
over 1000-fold greater than
the typical therapeutic dose.

hlorpromazine

R e

rAIcc\Jyél, barblty(ates, ane\s)zéetlcs, azepam EEIEREESEIER & &-\?o \9\(,
@' Anterograde amnesia 00 a0 1000 U 4/
: i _ Lethaldosa DA
> Impaired ability to learn new N Ramos e P Oy
. i NG e active dose N\ ()
information. X S
\ 3977 (X
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Benzodiazepine Antagonist: antidote,

. FluAazeni/l

/\/

- GABA receptor antagonist

- used for benzodiazepine toxicity/overdose

/lg only

- rapid onset, short duration of action

- may precipitate withdrawal in dependent patients .. P ‘)’Tb -

Copyright © 2018 Wolters Kluwer - All Rights Reserved /‘ 5‘ ’§3 Wolters
auers Kiuwer
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* Remember: many antidepressants are Lksed to treat anxiety. ¥
2
gSRIi(es\cl_tg__IQbram,._parqxetlne) and SNRIs (duloxetme venlafaxme)
are FIRST LINE to treat anxiety. / g
IALA , N
* Often used with a benzodiazepine initially (first 4-6 weeks) g@TK
\
\' ~ e :
Q \omzbc\,tcu&pmg N\ ‘y‘«W S W.D’* SJC\: Q‘}f-"———-——d et
= IRAS
= We ose Fuvn Loy Short hesn 'LH‘ b Sos e
'\'\ > (}/ A
w Mun Coo etz of Mw i : C&k& qjCcJ W b
B\“m{)\{ b‘) M‘MAA = COpYngh:meS Wolters Kluwer + All Rights Reserved \'?_’/'Q @.‘\»‘iﬁ)ii&‘?s Kluwes
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e * . : N\
' .~ Other anxiolytics: Antidepressants =
' Rt

\3’:’% L:é”’ (JIUQ"FT i

k " Initiate therapy with a benzodiazepine, such as jorareparn

T
¢

/.
yfaxine)

g
g 5
P - i~ )
Nl S s
4 i e ©
@S © - :Concomitant therapy witl &
4(7 8 _ antidepressant, such. 3
% vodaan( g
= e ke
g DE Rl
' : )
Copynght © 2018 Wolters Kluwer « All Rights Reserved D, wolters Kluwer
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Jher anXIolytlcs

PRPESLY) S
sle™ TG eten - <) =

» Useful for theQ_Eronic)treatment of
generalized anxiety disorder.

* Ineffective for short-term “on
demand” “as needed” treatment of

acute anxiety@ow onset of action.
» Effect mediated by 5-HT1a receptors.

* No anti-seizure or muscle relaxant

properties

* No dependence = ycfer L)\ay\\omw&lw{)\"“f

Ow\y p@( OW\«)L\@})/

\& .
'3

-

b Saemz ot B
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Barbiturates
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Barbiturates

. y o vk
Overview: DY o =
. 0ld Foridin &4
/A Dose-dependent effects of classic sedative-hypnotics

» Largely replaced by benzodiazepines as
sedative/hypnotics - e /,»

D 'nduce - v f%mfﬂigg%%éé Bamitumtes-if/ Benzodiazepinej/
tolerance/dependence/withdrawal/lethal g, acsnasa /l /
overdose >>>> benzodiazepines Unconsicusiess / -2

» Some still in use but the majority are not sty | N

- example: thiopental is a short-acting

barbiturate have been used to induce
anesthesia.

Copyright © 2018 Wolters Kluwer « All Rights Reserved
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Barbiturates

Mechanism of action:

» Site of action: GABA, receptors.

* Binding site: different from benzodiazepines

O Barbiturates potentiate GABA action on chloride entry by prolonging

the duration of Cl channel opening.

N o) crffg

\J

keh'?.ccgzia‘-li Pine gl

#mq aeney 2 £

o? cpemj o? cl” Céw'n-.f\c}/,c

areq Salah )
NSRS Copyright © 2018 Wolters Kluwer * All Rights R Z% 1.4
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prolonging the duration

GABA
site
Barbiturates
Picrotoxin site

Neurosterol
Si’ ¢ P4

increasing affinity /
increasing the frequency of opening > Aleohol,
volatile

Da Seftima ef al, 2007 Cum. Med. Chem. 14:2680  anacsthetics

> .D z
site

The y-aminobutyric acid (GABA,) receptor

Barbiturates bind to site

in ion channel, increasing
Cl- channel open time. Can
activate channel at high
concentrations.

Benzodiazepines increases
affinity of GABA binding site
for its ligand. In the absence of
GABA, benzodiazepines have
no detectable effect on
receptor function.
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Barbiturates

!i 3 ‘ :
1 . '
S 3 \. | ‘_.[7 Short-acting
- Long-acting ‘3 11 '; \ — 4
s + ]|
] l
PR Pentobarbital . = |
Phenobarbital L
) al | Secobarbital Thiopental
i?f\/ Amobarbital ; T e J
N ¢ | 4 |
.-,\)
r :
'
f o 7o ))
< o3 -.p:\ / ) (J‘D Copyright © 2018 Wolters Kluwer « All Rights Reseryed _ 9. Wolters Kluwer
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o [ .
P /‘1 Barbiturates

Actions:
L CNS depression:

low doses—> sedation

JHigh doses—> hypnosis >>> anesthesia
JHigher doses = coma and DEﬁIﬁT\" Res of Re,s()"mfag Sepiresi/ o

/Respiratory depressfo—ﬁ_\

Copyright © 2018 Wolters Kluwer - All Rights Reserved
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Barbiturates

Therapeutic uses: 7‘\@)
X

Vi
1. Anesthes:a}eg thlopentalformductlon f anesthesia (not

anymore).
L :
2. AntlconvulsanJe g., phenObarb'talg\}gﬁ(g\c’/ﬁgﬂ/sg}zures&/%w&% e;} Cm;“
/*}-‘ Sedative/hypnotic: for insomnia (no longer accepted) W E'L'
‘ ’ cL(CLZt’IPCLM Is
o 15t Ue for

@.\’J@Iters Zipwer

Yig " L T
’\ .x// > oMoy
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5grbiturates

Adverse effects:

vﬁ@ﬁ?ﬁﬁ}:&‘-&t{m%{({{@m{_g\_{
- =

&

= §

= g

3 Potential
=4 \ for addiction

wal can
resulf in death

Au:kk

JOverdose can
[
result in death

Barbiturates are
in patients with
acute
intermittent
porphyria

 Drowsiness
& Tremors

% ..
S

D e

T R ‘ﬁa':'z
: g
Z 4 Nausea § Enzyme
Z G 3
7 254} i induction
Z -\
Y/ 2 % g
g P 5'4 St m«?

8 : = ,r ‘
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Other Hypnotics: Zolpidem
N—\’/_/\i
\/Not a benzodiazepine, but the same mechanism of action (on BZ1)
v/* short half-life (2-3 hrs), rabid onset of action.
-‘Most commonly prescribed drug for insomnia in'the US.

* Decrease sleep latency, no effect on sleep.

 Adverse effect: impaired performance in the morning, driving, and
dependence.

wr \
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regjecladion o Elep E’-:FJ&- (
Other Hypnotics: Ramelteon N

* Selective agonist: melatonin receptors 1 and 2

* Indicated for the treatment of insomnia (decreases sleep latency)

'@C/);’)abuse potential/dependence/withdrawal D
« g// e /
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Other Hypnotics: Over-The-Counter

* Antihistamines:
* Lae Insomnia (mild).

* O Di’éhen;ﬁydramine.

e Chlo/ henamine (Allerfin).

Tareq Saleh © Copyright © 2018 Wolters Kluwer « All Rights Reserved
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Therapeutic Disadvantages Therapeutic Advantages

Benzodiazepines

\
|
{
{

Prtontial wie I (o w herapw T el vre ‘
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[ et pecwssre Phase | metatvdmm anct {
200 water = DA ¥ hapetT Tca raeet |

Uomzepem l o
Oovasrpate ,G/—-\
vior dhazapet v
@
Dwzeparm
@ The banrodiazepmes may dsturh Furrrapom t
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Summary of Clinical Uses e

* Benzodiazepines are indicated only in severe anxiety or insomnia.

* Drug therapy should be started with a small oral dose for a limited
eriod (less than 3 weeks for insomnia) to avoid drug abuse and
gepenaence

* Gradual termination of therapy should be done to avoid withdrawal -

¥ Longer-acting drugs are preferred as anxiolytics ...shorter-acting as
hypnotics.

* Most benzodiazepines are metabolized in liver - dose adjustment is
required in liver cirrhosis to avoid accumulation to toxic levels
specially of long acting agents and those metabolized to active

metabolites such as diazepam.
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